On single oral or subcutaneous administration of each of the 14C-acid, alcohol-and CNlabeled preparations of [1R, traps]-and [1R, cis]-Cyphenothrin ((RS)-a-cyano-3-phenoxybenzyl-(1 RS, trans/cis, 8/2)chrysanthemate) at 2 to 4 mg/kg, the radiocarbon from the acid and alcohol moieties was almost completely eliminated from rats and the 14C tissue residues were generally very low. On the other hand, the radiocarbon from the CN group was somewhat slowly excreted and the hair, skin and stomach contents showed relatively higher 14C residues. The major metabolic reactions of these isomers were oxidation at the 2'-and 4'-positions of the alcohol moiety, and at the isobutenyl group and gem-dimethyl group of the acid moiety, cleavage of ester linkage and conversion of the CN group to SCN-and CO2. The [1 R, traps]-isomer underwent ester cleavage to a larger extent than the [1 R, cis]-isomer, which afforded the metabolites retaining ester linkage in larger amounts.
INTRODUCTION
The pyrethroid insecticide, cyphenothrin[S-2703, (RS) -a-cyano-3-phenoxybenzyl-[1RS, traps/cis, 8/2] chrysanthemate] has a strong potential for controlling the medical pests as well as agricultural pests and is now coming to a final stage of development. To meet this situation, metabolism study in animals is needed. The chemical structure of this compound resembles that of phenothrin [S-2539, 3 -phenoxybenzyl-[1RS, traps/ cis, 8/2] chrysanthemate], except for the presence of the acyano group in the alcohol moiety. The metabolism of the [1R, trans]-and [1R, cis]-phenothrin isomers was studied extensively in rats1-3 and the major metabolic pathways were established to be the oxidation at the 4'-position of the alcohol moiety, and at the isobutenyl and gem-dimethyl groups of the acid moiety, and cleavage of ester linkage. The traps isomer was reported to undergo ester hydrolysis to a larger extent than the cis-isomer, which afforded larger amounts of metabolites retaining ester linkage in the feces. It would be interesting to study the metabolism of cyphenothrin so as to distinguish this compound from phenothrin in their metabolism and to elucidate the influence of the z-cyano group on the metabolic fates or biodegradation, besides the above requirements.
This report deals with metabolism in rats and in vitro hydrolysis of [1R, trans]-and [1R, cis]-cyphenothrin, and with the comparison of behaviors between cyphenothrin and phenothrin.
MATERIALS AND METHODS
Designation of Compounds
The following abbreviations were used; t and c for [1 R, trans] and [1 R, cis], respectively; cot and coc for the traps and cis methyl positions of the isobutenyl group relative to the double bond, respectively; 2-OH(t) for the hydroxymethyl at the Mans methyl of the gem-dimethyl group relative to the carbonyl; 2'-or 4'-OH for the hydroxy at 2'-or 4'-position of the phenoxy group; CA for chrysanthemic acid; PBalc for 3-phenoxybenzyl alcohol; PBald for 3-phenoxybenzaldehyde; PBacid for 3-phenoxybenzoic acid."
Chemicals
t-and c-Cyphenothrin labeled with 14C at the benzylic carbon (14Ca) of the alcohol moiety, at the CN group (14CN) and at the carbonyl group (14C0) of the acid moiety and t-and c-phenothrin labeled with 14C at the benzylic carbon (14Ca) of the alcohol moiety were prepared in this laboratory.4) The labeled position and specific activities of these labeled preparations are listed in Table 1 .
The preparation of the unlabeled authentic standards used in this study were reported previously.3, 5-7)
Spectroscopy
Proton magnetic resonance spectra (PMR) were determined in deuteriomethanol or deuteriochlorof orm using tetramethylsilane (TMS) as an internal standard on a Hitachi R-40 spectrometer at 90 MHz or on a JEOL FX 100 spectrometer at 100 MHz. Electron impact mass spectra (ET-MS) and chemical ionization mass spectra (CI-MS) were obtained on a Hitachi M-80 mass spectrometer using a direct insertion probe. With EI-MS, samples were analyzed at 70 eV. The conditions of CI-MS were as follows; reagent gas, CH4; ion source temperature, 100C; probe temperature, 120-185C.
Thin-layer Chromatography (TLC)
Precoated silica gel 60 F254 chromatoplates (20X20cm, 0.25mm layer thickness, E. Merck) were used for both analysis and preparation of the metabolites. The following solvent systems were used; A) n-hexane-toluene-acetic acid (3/15/2, two developments) B) benzene saturated with formic acidether (10/3, two developments) C) n-hexane-chloroform-acetic acid (4/1 f 1) D) n-butanol-acetic acid-water (6/1 f 1) Rf values for authentic standards of various metabolites common to cyphenothrin and phenothrin were reported previously.3, 5-7) R f values for cyphenothrin and their ester metabolites are shown in Table 2 . Unlabeled standard chemicals and radioactive spots on developed TLC plates were detected in the same manners as reported previously. 5,7)
Radioanalysis and Autoradiography
Liquid scintillation counting (LSC), combustion analysis, 14C02 determination, TLC auto- Table 1 Labeled positions and specific activities of 14C labeled preparations of t-and c-cyphenothrin(cyphe) and t-and c-phenothrin(phe).
radiography were conducted as reported previously.5) Also, whole-body autoradiography of male rats to which single oral or subcutaneous doses of 2.5 mg/kg of 14CN-t-and c-cyphenothrin were given was conducted as reported previously.5) 6. Treatment of Animals 6.1 In vivo study Sprague-Dawley male rats weighing 200-230 g were purchased from Shizuoka Agricultural Cooperative Association for Laboratory Animals, Shizuoka, Japan and used for this study. Each of three labeled preparations of t-and ccyphenothrin was suspended in 10% Tween 80 solution and the rats were treated with single oral or subcutaneous doses of these labeled preparations at the rate of 2-4 mg/kg. The administered volumes were 2ml for oral doses and 0.4-0.5ml for subcutaneous ones. The treated animals were individually held in allglass metabolism cages (Metabolica CO-2(R), Sugiyamagen Iriki Co., Ltd., Tokyo, Japan), and the urine and feces were collected separately for 7 days. Expired 14CO2 was also trapped in 400ml of 10% NaOH solution. The rate of air-flow through the cage was 200 to 300 ml/ min. The animals were supplied with a diet (CE-2, Clea Japan, Inc., Japan) and water ad libitum during the experiment. The treated animals were sacrificed 7 days after administration and 22 to 23 tissues were removed to be analyzed for total radiocarbon.
Tissue residue levels were expressed as parts per billion equivalents (ppb) of the administered 14C-labeled preparations, based on wet tissue weight.
After each of 14Ca-t-and c-cyphenothrin and 14C-t-and c-phenothrin was administered orally to rats at about 2.5 mg/kg, the liver, brain and blood were removed at appropriate intervals for determination of total tissue levels.
In vitro study
The liver, stomach, intestine with the contents, kidney, brain, lung and spleen removed after decapitation were homogenized in 50 mM phosphate buffer (pH 7.4) at a concentration of 10% (fresh weight/volume). In addition, 10% liver microsome, supernatant and nuclei/ cell debris fractions were prepared as follows: the liver homogenate was centrifuged at 9000 g for 15 min, the recovered supernatant at 100, 000 g for 60 min and the pellet was resuspended in buffer & centrifuged at 100, 000 g for 60 min. Each of 1 pg 14C z-labeled preparations of t-and c-cyphenothrin and t-and cphenothrin in 5al of ethanol was applied to 2 ml of the 10/ tissue homogenate or 10% plasma in a 25ml Erlenmeyer flask and incubated for 30 min at 37C. To inhibit esterase, TEPP (tetraethylphosphorophosphate, 100 pg) in 10 pl of acetone was poured into a flask, the acetone was completely evaporated and the liver or plasma fractions were added and preincubated for 10 min at 37C. Thereafter, substrate and/or NADPH (4-5 mg) were added and incubated for 30 min at 37C. Each reaction mixture was acidified to pH 2-3 with 1 N HCl after incubation and extracted twice with 3 fold volumes of ether /ethanol (3/1, v/v) after addition of 1 g of (NH4)25O4. The 14C content was determined for the organosoluble and the remaining aqueous fractions.
Identification of Metabolites
The metabolites were tentatively identified by TLC cochromatography with appropriate authentic standards in the same manners as reported previously.3, 4, 6) The methanol extract of the feces was subjected to TLC in solvent system A. Each of the metabolites detected on TLC plates was extracted with methanol and subjected to TLC cochromatography before and/or after methylation with Table 2 The Rf values for cyphenothrin isomers and their ester metabolites, A: n-hexane-toluene-acetic acid (3/15/2, two developments), B: benzene saturated with formic acid-ether (10/3, two developments).
diazomethane at 5C for 15 min.
For preparation of sufficient amounts of the ester metabolites from the c-isomer, 14CN-ccyphenothrin dissolved in corn oil was administered every day for 6 days to 20 male rats at the rate of 60 mg/kg. The pooled feces was extracted as described above, and the concentrated methanol-water extracts were dissolved in acidic water (pH 1) and the metabolites were extracted 3 times with ethylacetate. The ethylacetate layer was concentrated and partitioned between n-hexane and acetonitrile. The acetonitrile portion was concentrated and subjected to column chromatography on silica gel using the following sequence of solvents: n-hexane/acetone (5/1, 31, (4/1, 31) and (1/1, 31), acetone (21) and methanol (21). Each fraction was concentrated and purified by repetitive preparative TLC in the following solvent systems: A, B, n-hexaneacetone-acetic acid (4/1/1) and ethylacetatemethanol (3/1), and finally subjected to spectroscopy. Moreover, for confirmation of the acid and alcohol moiety of the ester metabolites, fecal metabolites from 14C0-and 14Ca-preparations were hydrolyzed in 10% NaOH methanol solution and 10% NaOH ethanol containing NaBH4 at 5 mg/ml, respectively, and reaction mixture was extracted 3 times with ether after being adjusted to pH 2 with conc. HCl and then the acid moiety or reduced alcohol moiety was tentatively identified by TLC cochromatography with the appropriate authentic standards.
After TLC analysis of methanol extracts of urine and feces in solvent systems A or B, a fraction at the origin of TLC plates was scraped out, extracted with methanol and subsequently analyzed by TLC in solvent systems A, B and C. Individual conjugates extracted from the TLC plates were subjected to enzyme hydrolysis, as reported previously.3,4)
RESULTS

114C Excretion
Single oral or subcutaneous administration of 14C0-and 14Cc-t-and c-cyphenothrin preparations to male rats at 2 to 4 mg/kg resulted in almost complete elimination of the radiocarbon from the animal body. Major excretion routes with 14C0-and 14Ca-labelings were the urine and feces (Table 3 ). The total recovery of the 14C within 7 days after administration of these labeled preparations was more than 93%. On the other hand, the 14C from the 14CN-labelings was more slowly excreted than the 14C from 14C0-and 14Ca-labelings and was mainly excreted into the urine and feces. In addition, 4 to 6% of the 14C was expired as 14CO2. The total recovery of the radiocarbon was 60 to 80% for the t-and c-isomers. The three labeled preparations of t-and c-isomers showed more urinary excretion of the 14C with subcutaneous than with oral administration. Table 4 shows 14C residue levels in 22 to 23 tissues 7 days after single oral or subcutaneous administration of each of 14C-labeled preparations of t-and c-cyphenothrin. With 14C0-and 14Ca-preparations of t-and c-isomers, the tissue residue levels were generally very low. However, the fat showed slightly higher residue level compared with other tissues. Administration of the CN-labelings of t-and c-isomers Table 3 Radiocarbon recovered in the urine, feces and expired air 7 days after single oral resulted in somewhat higher tissue residues compared with 14C0-and 14Ca-labelings. Relatively higher residues were found in the hair, skin, stomach, stomach contents, blood and fat. No apparent differences in the 14C tissue residues were observed between oral and subcutaneous administration.
Tissue Residues
Whole-Body Autoradiography
A whole-body autoradiogram taken 168 hr after a single oral dose of 2.5mg/kg of 14CN-ccyphenothrin to rats showed that radioactivity was located in the hair, skin and stomach contents, but hardly detected in other tissues (Fig. 1) . This 14C distribution pattern was nearly the same as that of rats to which a single oral dose of 14CN-t-cyphenothrin and a single subcutaneous dose of 14CN-t-and ccyphenothrin were given. Table 5 shows the half-life (T112) values and maximum 14C levels in the blood, liver and brain after single oral administration of 14Ca-t-and c-cyphenothrin and 14Ca-t-and c-phenothrin to rats. The T112 values of 14C in three tissues with the four 14Cc -labelings ranged from 2.5 to 6.9 hr. The T112 values for the t-isomers of cyphenothrin and phenothrin in three tissues were smaller compared with those for the corresponding c-isomers. Also, c-cyphenothrin showed smaller T112 values in three tissues than c-phenothrin whereas there were no apparent differences in T112 Table 4 Tissue residues 7 days after single oral (P0) or subcutaneous (SC) administration of three labeled preparations (14C0, 14Cc and 14CN) of each of t-and c-cyphenothrin at 2 to 4 mg, /kg. a) Data show the average of 2 to 3 animals, b) the detection limit (1 ng/g wet tissue), C) not analyzed.
14C Elimination from Tissues
values between t-isomers of cyphenothrin and phenothrin. c-Phenothrin showed the largest T, 12 values in three tissues among the four "Ca -labelings.
The 14C levels in three tissues reached maxima within 1 to 2 hr after administration. The maximum t4C level of the brain with the four 14Ca-labelings was 1/10 to 1/26 of that of the blood and liver. The four "Ca-labelings show no remarkable differences in the maximum 14C tissue levels.
Identification of Metabolites
The TLC patterns of the urinary and fecal metabolites from the three labeled ("CO, 14CN and "Ca) preparations were both similar with oral and subcutaneous doses, based on TLC radioautograms.
The ester-cleaved metabolites in free and conjugated forms from the acid and alcohol moieties were identified as those described in previous studies on tetramethrin" and fenvalerate.3J More than six ester metabolites of the c-isomer were found in the feces whereas the t-isomer gave few, if any, the ester metabolites being in trace amount. The ester metabolites were confirmed by spectroanalysis and by alkali hydrolysis and/ or reduction followed by tentative identification of the liberated acid and alcohol moieties on the basis of TLC cochromatography. 153 (base peak) and the PMR showed the absence of the multiplet of the olefin proton at 6.42 ppm and the presence of the doublet of methylene protons at 3.6 ppm, indicating the presence of carboxyl group at the traps position of the isobutenyl group and the hydroxymethyl at the traps position of gem-dimethyl group relative to carbonyl group; PBalc were identified. Table 6 shows the relative amounts of metabolites in the urine and feces 2 days after single oral and subcutaneous doses. The parent t-and c-cyphenothrin and six ester metabolites from the c-isomer were found in the feces. The amounts of parent compounds ranged from 2 to 8% of the oral dose and ester metabolites amounted to 1 to 3%. The subcu- Table 6 Relative amounts of the identified metabolites in the urine and feces 2 days after single oral and subcutaneous administration of three labeled preparations (14Ca, )4C0 and 14CN) of t-and c-cyphenothrin (cyphe) to rats. taneous dose led to less amounts of the parent compounds and ester metabolites than the oral dose.
Amounts of Metabolites
The major metabolites from the alcohol moiety were PBacid and 4'-OH-PBacid in free and conjugated forms. 4'-OH-PBacid-sulfate accounted for 63 to 66% with t-cyphenothrin and 34 to 58% with c-cyphenothrin. This conjugate was obtained with the t-isomer and subcutaneous dose to a greater extent compared with the c-isomer and oral dose, respectively. From the 14CN labeling, thiocyanate and carbon dioxide were produced as the major metabolites. Thiocyanate was obtained with the t-isomer and subcutaneous dose to a greater extent compared with the c-isomer and oral dose. As the acid moiety, c-or t-CA was found in the feces and urine in the amounts ranging from 0.2 to 1.8% of the dose. With the t-isomer, t-CA, cot-acid-t-CA, wc-acid-t-CA, cot-alc-t-CA and coc-alc-t-CA were detected in urine and feces. Among them, the predominant one was cot-acid-t-CA. The glucuronide of t-CA was found in urine, but not in the feces. The c-isomer produced the ester-cleaved metabolites to less extents than the t-isomer. The major metabolites were cot-acid-t-CA, cot-alc-t-CA, cotacid-c-CA and tot-alc-c-CA. As for the c-isomer, the metabolites receiving the isomerizati.on of c-isomer to t-isomer were found to a considerable extent. Figure 2 shows the ester hydrolysis of t-and c-cyphenothrin and t-and c-phenothrin in 10% homogenates of several tissues. The intestine, spleen, pancreas and brain showed less activities to ester hydrolysis than the lung, kidney, liver and plasma. The hepatic microsome, precipitate (9000 g) and supernatant (100, 000 g) fractions showed the same substrate specificity and hydrolyzed the t-isomers of cyphenothrin and phenothrin more rapidly than the corresponding c-isomers. Also, their fractions hydrolyzed c-cyphenothrin more rapidly than c-phenothrin whereas no significant differences were observed in the extent of the hydrolysis of these fractions between t-phenothrin and cyphenothrin. On the other hand, the plasma showed a different substrate specificity from the liver, hydrolyzed t-and c-isomers of both cyphenothrin and phenothrin at almost the same rates, and hydrolyzed phenothrin to a larger extent than cyphenothrin. The lung and kidney showed same substrate specificities as the liver. The hydrolytic activity in liver homogenate was almost completely inhibited by the presence of TEPP, even though the system of liver microsome-NADPH-TEPP (oxidase system) led to produce the estercleaved metabolites such as PBalc and PBacid. Their amounts were very small compared with those of metabolites produced in the esterase DISCUSSION t-and c-Cyphenothrin were readily metabolized in rats and the acid and alcohol moieties were almost completely eliminated from the bodies. The tissue residues with 14C0-and 14Ca-labeled preparations were very low. These findings were nearly the same as those of pyrethroids such as permethrin, 8) phenothrin, 3) cypermethrin, 9) fenvalerate5)8) and deltamethrin, 10) although both the cyphenothrin isomers showed less 14C residue levels in the fat than pyrethroids as described above. However, the 14C from the CN group showed somewhat slower excretion and higher tissue residue levels than that from the alcohol and acid moieties. These findings were also similar to those with the CN-labelings of fenvalerate, 5, s) cypermethrin, 9) and deltamethrin.10)
In Vitro Study
The 14C excretion patterns of t-cyphenothrin did not remarkably differ from that of tphenothrin (urine 75.1%; feces 20.9%), " but c-cyphenothrin showed less 14C excretion into the feces in comparison with c-phenothrin (urine 22.4%; feces 73.5%)" after single oral administration.
The elimination rates of the 14C from the blood, brain and liver with c-cyphenothrin were greater than those of c-phenothrin by 1 to 2 times. On the other hand, there were no significant differences in the elimination rates between both the t-isomers of cyphenothrin and phenothrin.
Whole body radioautograms of rats treated orally with 14CN-t-and -c-cyphenothrin were very similar to those of 14CN-fenvalerate." It is likely that the 14C residue in the stomach content, hair and skin of rats given 14CN-tand c-cyphenothrin were mainly SCN-, as shown in the study on 14CN-labeling of fenvalerate, " because the CN group of both cyphenothrin and f envalerate" was mostly converted to SCN-in rats and appeared to undergo the same metabolic fate. Figure 3 shows metabolic pathways proposed for cyphenothrin isomers. The both isomers underwent the following maj or metabolic reactions ; oxidation at 2)-and 4)-phenoxy positions of the alcohol moiety, and at the isobutenyl and gem-dimethyl groups, cleavage of ester linkage, conversion of CN group to SCN-and C02, and conjugation of the resultant carboxylic acids and phenols with glucuronic acid, sulfuric acid and glycine. Table 7 shows the data of in vivo ester hydrolysis and in vivo oxidation at 4'-position estimated by summation of ester-cleaved metabolites in excreta of rats treated with 14Ca -t-and -c-cyphenothrin and -phenothrin.
Both the t-isomers showed no significant differences in the extents of ester hydrolysis and oxidation.
However, c-cyphenothrin underwent ester hydrolysis as 3 times as larger extent compared with c-phenothrin. Thus, the larger amounts of ester metabolites was obtained from c-phenothrin than from ccyphenothrin.
The results of the above in vivo study were in accordance with those from the in vitro study.
The t-isomers of cyphenothrin and phenothrin were hydrolyzed more rapidly in liver homogenates than those in the corresponding c-isomers, and c-cyphenothrin was hydrolyzed to a larger extent than c-phenothrin. In contrast, in many previous studies, 11-13) the ester bond of pyrethroids with secondary alcohol was generally considered not to be hydrolyzed easily as compared with the corresponding one with primary alcohol. Soderlund and Casida14) reported that cyanopyrethroids were hydrolyzed much more slowly than the corresponding primary alcohol analogues. Hutson et al.9) suggested that the ester linkage of a-cyano pyrethroids was hydrolyzed not by microsomal esterase, but by NADPHdependent oxidase system.
The substrate concentrations in the above in vitro studies, //-14) however, seem to be rather high as compared with that in liver actually occurring after administration in in vivo experiments. Thus, in this study the substrate concentrations were fixed at approximately 3 to 4 times higher than the in vivo 14C maximum level, corresponding to 1/40 to 1/100 of the substrate levels applied in the above studies. It is most likely that in the in vitro ester hydrolysis using liver homogenates, the esterases were under most favorable conditions as in in vivo experiment in the low substrate concentrations, whereas NADPH-dependent oxidase system contributed maj orly in the high substrate concentrations. On the other hand, plasma esterases showed different substrate specificity from the liver esterases and hydrolyzed the t-and cisomers of cyphenothrin and phenothrin nearly to the same extents. However, they were less active to cyphenothrin than to phenothrin. This feature of plasma esterases not distinguishing trans from cis configuration is the same as that of bioresmethrin and cismethrin reported by White et a1. 15 From the results of the present in vivo and in vitro studies, the CN group introduced into the molecule did not affect biodegradability of t-cyphenothrin, but rather it made c-cyphenothrin more biodegradable than c-phenothrin. These in vivo characteristics may be determined by the activity and/or substrate specificity of the liver esterases. 
